meﬁ‘f

R I : - VR, llote ilo. 231/1955

=8

DEPARTMEI™ 03 SCIFMITIFIC atD ITTUSIRLL RESD RCH .i"D wIRE O FICES! COks WTEE
' JCII. #IRE RESEARCH ORCA 'TatrI0:H ,

S S——Y S e a A s e B B e A 4 = L A wm R A imem e )

~ This rr sort hes not been published and
should be re arded as confidential advance '
informati n, lio refercnce sliould be .ade to
it in eny pu lieation without the viritien
"consent o t = Director of Fire Ressarch.

e s - i it A :
T Do LI b, -
el oS S < A

e

Telephone . Stree 1341 and 1797.

e e e e = mream e emm e mm - mmm—————— = = = memee o sime 97"

[ . . :“
T LECTURE 10 o'l Ve TUSURANCE IFSPITUTE O Wil YIRE HAZRDS iE |
: ¢ RDIC-ACPIVE MASERIALS ¥ -

| ¢

b:." ;

z

D, I. Lawson i

s S :"“‘:"Aa}lfgh\)uﬁh'x’swﬂ—«duwm{;y-ﬁ' NPT

January, 1956, - ¥ire Lesearch Station,
: - ' Borehan focd, -
Heris, v
r
© BRE Tru‘st (UK) Permission is granted for perspnal no_ncommercial.re'search use. Citation of the work is allowed and encouraged ‘ ; '



LECHJRE 70 MNC‘!FSTER H SUR.,ITCE IIISTI‘l'U’iE Oi¥ 1NIE l‘Il?E }L'\ZPRDS
OF RADIO—«C"IVE MATERJALS '

Fig

tgf

D;JI. Lawson
TITRODUCTION

' BEvery year nmore and nore radicactive meterials are being used;
and ‘the total shipments heve grown in this country from i35 in 1947 to
over 13,000 last year. "his is illustrated in the [lirst slide, By
1955 it is hoped that nucleer power stations will be producing sone
2,00 negawatts and this will mean that still lerger quentities of
radioao*ive materials will become available, In 1935 the total anount
of uranium in the world had an activity of something like 2,000 curies,
and this was distributed in small quantities. A% present it is not
pncorinon to manipulate at any one time quantities of 100,000 curies in
flarmable solvents, and the activities in the meteriels :l.n the nuclear . . ‘
pover stations whlch are envisaoged will amount to tens of millions of R
.curies, It is understandabl:, therefare, thet the population in general, o
and the Insurance Conmpenies Jn partlcular feel a. certain amount of _ -
apprehensicn about these new dsvelopments . TN

Radioactive materials are those wihich undergo trensmutatvion, while c. i
the sane time givinpg of f radiation., It is not necessary for us to 7
.consider the processes vhich go on during this transmutation any more
than it is necessary for f{.re insurance assessor to understand the
complex chemical changes wuod undergoes when it burns, The comparison 1s,
in fact, particularly apos:te because the radiations given off by radio-
active substances ere not changed either in quantlty or qualitly by the
appllcation of lfire.

Radicactive materials. :hemselves are not more {larmable than their
non-radioactive counterpearts, ‘he only difliculty is that they may be -
diepersed by fire, and either the materials themselves or ‘the radistions T
- they give off will be absorbed in sufficient quantity to give rise to ]
certain biological effectas,

Tn dealing with this particular fire hazard it is necessary first
"to-duval briofly with the biological effects of radiation and then

. .consider what steps may be taken to avoid dispersing radio-isotopes in

=

fire,

“he rays which are emitted if absorbed on the skin produce burns .
which nay be quite superficial, resembling sunburn, or for greater S -
. exposures they msy de quite ieep and resemble the third degree bu.ri: caused
by intense heating or high pressure steam, The outstanding effects of ‘ )
‘exposure are loss of hair, zliered heredity oi offspring, destruction
and death of the bones, ,loss ¢’ ability to reproduce, decrease in:the _ _ 3
nunber of white blood cells, or cencer, - 4

The effects of radistien have been well known for a long tiwme, for
the early workers with X~ rays often suffered from the effects of over -
exposure, and in the .past werkers employed in the painting of luminous : ’
dials on watches have died Irum bone necrosis, wmoreover, cancer of the
lung is Imown to be an occupational disease 1n uraniiwa mines,

Radioactive substances as they give off radiation gradually decay
so that the redintion hecomss progressively more {eeble, UThe -holf 1ife
of a radioactive substance is the time for the activity to fell to one
half and depending oun the musterial this may be reckoned in nillions of
‘years or millionths of a-second. As a general rule the shorter the
half lif'e the more active the material weight fox weight, Uhe assessment _ :
of the danger associuted with any, rodioactive substance will depend on . ;
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its half 1ife (the shorter the half life the less the hazard), the
energy and character of its radiation,. the selective locallsatlon

of' the substance in the body, the ablllty ‘of the body to eliminate

the substance, and the quantities and typical modes of handling. = Jnong
the most dangerous radioactive substances are carbon 14, calcium 43,
iron 33, strontium 90 and bismuth 2

v T

In tallking about the effect ol radiation on the human body, it is
convenlent to clossify the types of exposure under two heads:- externsal
exposure in which the body is subjected to penetrating radiation fron
the oiteids, and internal exposure due to the injestion, or inhalation
of radiouvtive substances, “here are at least seven different types
off racistion, though only three will ve actually met with in practice.
the othgrs will be encountered only near to large atomic piles and
durding atomic explosions, The {iree nost cormon. types are:-

1. Qha E articles, These have & range of not more than 10 cm :
ir =iz and O+1 mm in tissue. Padiouctive substances emitting Alpha particles
are ~nly dangerous if taken inio the budy by either deconteminated’food
or Ly breathing redinective Jdusta,  The rays themselves are readily
sterzed by even o thin Laye: ~{ _aper or by the outer layérs of the skin.
Thougn radicasilve rafcrials b”:\tlné this kind of radiation are
theaselves quitc invocuous on the cutside of ¥ sliin, they wust, of
course, bs rcmoved by thorough washing to prevent then being 1njested
during feeding.

2. DBeta particles, These have a range of several centimetres in
air and 3 centimetres in tissue, Rudioactive substances emitting this
type of radiation can constitute an external hazard because of the

" . significant distances that Feta particles can penetrate tissue, OF
course, 3eta particle emitters talken 1nterna11y will cause damage to°
the nore deep seated tissues, .

3. Gamme_rays. Garma rays have properties identical with X-rays
and they usually, though not invariadly, accompany Alpha or Beta
radistion, DBecause of their penetrating powver they oiwiously constitute

" an external as well as an internal hazard, Their penetrating power is
such that, more than one cm of lead or several feet of concrete may be
required to absorb them, In air the intensity of the radiation falls
off according to an inverse square law, that is in the same way that
the illunination from an electric light bulb decreases with distance,

L much rarer type of radiation hazerd is that of neutrons, These
are particles which have the ability to make substances radioactlve,'
end are thus obviously dangerous to humen tissue, Some materials such
as cadmium and boron readily absarhrneutrons ehé chemical-compounds
containing these elewents are vary of'ten used in neutron shields,
' There are four well acoepteo ways of reducing radiation hazards:
first by shielding: second by remote controlled manipulation or hcndling: 7/
third by increasing one's-distance from. the radloactlve suvstance, and ’
© lastly by reducing the tlne of e?posure as fer as ‘possible, .

- In dealing with an ewmergency such o8 ;lre-¢1rht1ng, At is, these‘
latter two measures +hich are the nost important, The range of Alpha
and Beta particles in air is very limited, so thet at a dlstance of a’
foot or so from the source the radiation falls to an 1n31gn1;icant
levél, The intensity of ‘Garma radiation frlls away at- least as rapidly
as an inverse square law,’so that doubling one's distance from the source
reduces the intensity by-a factor of 4, etc, The distance lactor by
itself is very important. The damage sustained by any exposure is &
product of the intensity of the radintion and the time of exposure, so -
that if one is only going to be exposed for a limited time, as in fire-
fighting, one can withstand intensities of radiation which would be
prohibitive for anyone ca.rrVing out continuous work with radioactive
substances,
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The use of radicective naterials

N
Al

It ie necessary now to scy something about uses of rediocctive
nateria.la, their probable location and the quantities’ in which. they
are used, ' Radioactive n&terials will be found in four di.{'ferent types
of place:--

"Government Research Laooratoi*ies,
" Nuclear Power Stations,
Industriel and bhmcal Research Laboratories,

and, .of course, during transportation.

‘ Govemnent Research lLaboratories

The wain .concentretion of radioactive matericls.is, of course,
in reactors, and every possible safeguard has been talien to avoid awy

-accidents, as quite apart fron anything else the apparatus, and its

fuel are very valuabld, liost of these are inherently stable, and sy
serious- ove;'heating would dsmage the reactor and ultinmately 1ee.d toa
reduction in the power. To prevent’ this elaborate shut-dovm systene
have been devised ehould the temperature of the full eleents oeg:.n to-
r:l.se. .

‘Careful emerger\cy procsdures have been worked out, and the Mire
Irigades are well equipped to deal with any incident,

The danger to a rem.tor fron wa, external ;u'e is quite ‘negligible
because of the great thiclmsse of concrete surrounding the radioactive
conponente in order to give adequate blologiccl shielding, Raedioactive
uaterials are, or course, used in the laboratories of the nudlear
research stations, but in these ccses the quantities are very much
smaller and the activity is -wny nmillions of times less than those
found in the resctors, rere again elaborate precautions are talen to
evoid accidents, and rediosctive waterials are always handled inside
hoods into whn.ch air is being sucked in arder to avoid dispersal of
the contenits, Radiocactive imterials of higher activities are handled
in special compartments by romote handling systems, "The Fire Bripedes
in these Government Departnents have special instructions on how to
deal vith fires.in which radioactive naterials are involved, ond this
I will deal with 1ater under ths general head:m' of “ire-;:l.ghting.

The general working level of ro.d.mtion in Government Laboratories 3

is kept very low. This is necessary becuse the sane d:l.see.ses vhich
ere caused by over exposure to rediation also occur naturally, end one
could only prove that the radiation level was too high by examining -the

" incidence of a partlcular disease on & statistical besis, this would

toke a long tine, It is poasible however, to estimate the shortening
of life associcted with any givem level of radiation, Of course, many
things are held to shorten luman life, use of narcotics, indulgenoe in
elcohol,; over-feeding to uention only a few, People accept these risks
ot because they are unavoidabie, but in exchange for sone other value,
real or inaginary, -Recently we have been’ told about the eflects of
cn.g,rrei.te snolcing on the span of human 1ife. It hns been estimated thot
the naximn peitiissible level of Tediation ‘is about us aagardous to
huaan life as :moking four o.ign.rettee a day. The radiation levels at
present are being kept down to about /30 of this figwe, :

Perhaps I should end this Section on Govermment Inoorn.‘cones by
Baying that ihere have been two instances of reactors beconing out of
control,” In neither cmse wes there any techanical daunge outaide the

reactor, nor was the.re any releaee of' f‘lseion products to the atmosnhere

1
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The first wes an accident at Chsllz River in 1952 vhen the supply of
coolant to the reactor vias interrupted, In this case the events
followed a pattern such as would heve been expected, 'The fuel rods
overheated and uelted, %he reactor was repesired for about 10 per cent
ol its original cost. "Yhe second occurred in Chicago, at tlie .rgonne
f'ationel Laboratory in 1954, when a.reactor wss deliberately forced to
explode to see what would happen. %he explosion was a relatively nild
one, a8 will be seen from rigure 2, couparable to thet which would be
produced by a few pounds of 1,ii,T, 7The catosirophic release of energy
characteristic of nuclear devices wua prevented by the inherently safe
characteristics ol the reactor, even though the plonned accident was
iwch more severe than night be expected Vo occur in actusl operations,

Huclear‘waer Stations

The first nuclear power staiion is scheduled to coue into service
in this country next year, "Yhis is being built et Calder ilall in
Cunberland end it will use natural or slightly enriched uranium as a
fuel, and in addition to producinj electrical power it will produce
plutoniun as a very useful by-product. <his-.station is the first of
twelve such stations which will conc into use by 1965, znd it is hoped
that these will produce. sone 2,000 egavatts of power., & schenatic
dicgran is shovm in “igure 3, :

The ureniun rods are housed in a block of graphite about 40 ft, in
diameter, .and the cost of ths initiazl charge of the uwraniwi woy anount
to 25,000,000, and this will neced renewing every three to live years,
“his reactor is housed in a pressure vessel, vhich in turn is surrounded
by a concrete shield soue 5 . tiick, The coolent in this case is
cerbon dioxide gas, which is circulated under pressure through the
reactor, and this then pesses into a reut exchanger where it is used for
stean raising, The pressure of the circuleting carbon dioxide is

05 lb/in.2 and it energes frou the reactor with a tenperature of 35000,

‘'ne recctor is. of the irherently safe type, . ny interruption in the
coolant would wmerely result in the uraniwa rods melting, as the uraniun
itself is insufficiently enriched to cause N explosion,

hron tine to time it will be necessary to renove what we might call
the ashes frou this uranium fire, UYhese vill consist of the radloactlve
fission products of the uraniun 235, non-radiocactive wraniw 238, ond 2
certain amount of plutoniwi, The chemical processing wiil consist ol
renoving the plutoniun and fission products and re-enriching the
wraniun 238 with uranius 235,

. Every ton of rods discharged from the reactor contains about a
pound of plutonium, and o similar weight of radioactive Tission products.

.In the separation process used a2t ‘Vindscele the rods sre dissolved in

acid and the solution nixed in an organic solvent., The uraniun and
plutoniun pass into th: solvent and removed with it, while nost of the
fission products rewmain in the acid solution. The plutonium is then
separated from the uraniun by another similar process., It is mathex in
these chemical separetion processes that the denger of dispersing '
radiocactive naterials probally lies rather than in the reactors theuselves,

‘While dealing with chemical separation I night umention two other
nuclesr chenical plants at present in operation in the United iingdon.
One is at Sprlngxlelds,.and this is concerned with purifying uranium, but
the processes used here are no wore hazardous than in any ordinery metal
refining plant thohgh great cere wust ve talzen to avold the dispersal of
uranlun in the air as the naxinun permissible contaidnation level for
the air is only about two millionths of an ounce per cudic yard, = The
purpose o the other plant which is at Capenhurst in Cheshire is to treat
natural uraniwa in such a way as to increase its content of uwranium 235
to almost any extent, even producing practicelly pure uraniun 235,
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This is a gasecus diffusion plant, and its operation is based on the

fact that if a gas conta.:m:mg a mixture of molecules, some of which are
heavier than others, is puiped through s membrane conta:.m.ng a large
number of anall holes .the lighter molecules will pass through the
henbrane:.nmore easily than the heavier ones, and so the. concentration of
the lightér :»-loocules on the gas issuing on the other ‘side of the nenbrane
-1s greater than that of the gas fed into the systeinn, - The uraniun is
“turnec into a gas by conbining it with fluorine, and the compound uraniun
hexafluoride which is formed is very reactive, in fact it reacts chemically °
with nearly ell netals, It combines with water  to Torn solid compounds
which would bloclk the small pores in the systen, so that all troces of
water vapour have to be excluded, and to male th:mg,s even nore dl ficult,
this compound is gaseous only at terneratures in excess of 100°¢, and

the whole processing plant has to be 1..ept at this tenperature,

I‘ast mactcn-s

mother type of reactor is be:.ng DHuilt in Scotlfmd at Dounreary,

This is an expemmental plant which may be a lorerummer of the power

stotiona ‘in the future, - 4 section of this reactor is showm in figure 4.
The core will consist of a stainless steel pot ebout 2 ft. in diemeter .
and 2 £t. long., Into this will be placed uraniun enriched with uraniun 235
or plutenium 239, and the cost of this fissile naterial is neesured in -~
thousends. of pounds -per pound, This fuel will be surrounded by a blarlet
of uraniun and possibly thoriwn which in turn w:r.ll slowly be convertcd
into fuel as the reaction proceeds, :

Yor the operation of the pile it will be necessary to remove sone
‘60 negawatts of heat fron this stainless steel jot, and to do this™
liquid sodiun with poesibly some- addition of potassiun will be pumped
through stainless steel tubes in the pot and then through & heat -
exchanger, The pwaping is ocarried out by electromagnetic puaps. which
“have no noving parts, and which are completely sealed Elaborate
orecautions can be talen to neintain the flow of coolant, the cooling
gysten being divided into tuenty-four separate circuits.in practice,
- twenty feeding the radicactive core and four the blanket, fThe power e
supplies to the puips are separated end these are fed by diesel generators,
each of which is comnected to only two 0f the punps, so that the failure
of one generator would only cut out 1/10 of the pumps. The flow- through
the ¢dre would fall by a rether larger fraction because soue of the
coolant would flow in the wrong direction-thirough the ineffective:punps,
- Even so the reéduction :m flens would not be rea.uced bye oa dangerously large . . -
anount :

. The sodiun in this cooling cirouit becowes very radiocactive, and
80 it would not’ be prudent to use this in a heat exchanger for steam - -
- reising hmediately,” The hoat exchanger is therefore used to heat a _
secondary 1liquid metal circuit also containing sodium, snd this in turn :
passes into a secord heac exchanger where the heat is used for steem-
raising, ' C

The stoainless steel pot in which the reaction tokes place is
surrounded by L ft, of borated graphite, -the function of this is to
absorb the neutrons fronm the reaction, p.nd this in turn, together with
the primary heat -exchangers is oonta.xned in a lmge conorete bowl 5 £t
thicl, In the event of a total failure of the electrical supplies, -
the reactor would be shut-down, and the heat'from the core would be
dissipated in an emergenqy mr-coqled ¢ircuit, The whole reactor and
its concrete bowl is‘encesed in'a sphere 135 ;t in diaweter, .This
vould not be sufficiently strong to contain en explosion should it occur,
but it is confidently believed, however, that the denger of this cen be
elininated by the suiteble design ol the control system, and of the core
itself, ''he function of the sphere is to contain any fission products
which might escape; with something like one hund.red :dllion curies in
the care, an escape of more than a few per cent would be a very substantial
hazerd over a wide area, The liquid metal -coolant brings with it the risk

¢
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of fire, and to reduce this rislk, no significant quantity of water
will be allowed in the sphere. It is possible, though improbable,
thot if a leak occurred the sodiun fron the coolent circuit could burn
in the oxygen contained in the air in the containing sphere, Sodiun,
however, is not o very good fucl becsuse it requires one-halfl the heat
it gives out in burning, to vaporise an equal quantity of fresh sodiun
so that the burning process car "continue. It has been calculated that
if the sodiun in the coolant circuit burned COnplOtblj, then the
teiaperature of the air in the @phczu rdght reach 34L0°C, This would
produce a naximun pressure of 16 lh/in,~2 sone fiftecn minutes af'ter
the fire started. The sphere ituclf has been desipgned Tor a naxdinua
internal working pressure of 1% 1b/in,~2,

Of course, if the sodium bwmed conpletely it would renove the
oxygen frout the air, and when this conled down in the sphere & partial
vacuun would be created It has heon estinnted that the external excess
pressure would be about 3 1b/in, =<, The pressure which the sphere would
stand in this way would depend- on its uniformity, end the nost pessimistic
estimate is that at 5 1b/in, ~¢ eyceas externsl pressure, a shallow dinple
sone 18 £%, in diameter would appear at the top, This would not cause
stresses in the steel greater tham 1 ton/in.~

In order to assist in cocling the sphere should any accident occur,
it has been arranged for vater %o be piped over the top, so that you
will see that rnost eventualitics seen to have been talken care of,

-

Radiocactive meterials in industiy

Radioactive matericls wre now 40 widely used in industry that it
would be impossible to give any :uldénce as to where they nmight be
Tfound, They are used in industrial radiography, in the netrolewn
industry for tracing the flow o oil in sipes, in the notor industry
for lubrication studies on gylinders, and wetallurgical laboratories
use then whenever infinitesii:ally siw !l guantities of metal hove to be
measured, ‘fhey ney be used in production lines for the rautine neasurenent
of the thickness of materials, and lor the dissipation of static electricity,

Chemical research lsborateries use radioactive uaterials for labelling
atoms in order to keep traclz of any one particular elenent in a chenical

‘reaction, . They are used in plant and enimal mutrition experinents, and

also in medicine, in studies of 01rculat10n, glend physiology, end the
location of brain tunours not to mention the deep ray therapy that is now
belng corried out with radiocactive cobalt,

This does not pretend to be a complete catalogue o the many diverse
uses of radiocactive materisls at present, and no doubt their use will be
further extended in the futvre when cheap supplies of radiocactive materials
becone available frun etonic power plents, Possible future uses involving
large quantities of radiosctive naterials would.be the sierilisation of
food, the pranotion of polynerization in plastics, and the. poseible use

“of radicactive isotopes in the cracking of petroleuwa oils to increase the.

yields of the lighter factions,

It nay well be that these future applications will turn on whether
the large amounts of radiocactive materials, which need to -be used, can
be handled with saf.ty. , |

The quantities of radiocactive cubstances in use in industry ot
present are samall, the most coumion one being iodine,- and this is {ollowed
by phosphorus and caesium, vhich are ruch less frequently used.
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There are at present no factory regulations dealing with the
general use of radicactive isotopes in industry, but both the Factory
Department of the Ministry of Labour and Wational Service, and the
Industrial Section of the Atomic Research Establishment at Harwell
are always pleased to give any advice to potential users,

The most powerful sources in use at present sre employed.in
incdustrial radiog‘raphy, and it is these which have first claim on our
attention,. The safe storage of these Gamma ray sources whether they
are for use in the factory or on site by contractors is a matter of
importance. - It is preferable to store them well away from normal
vorking arees, . If these are to be stored within s building then they
should  be placed in a conventional type of safe housing made of lead
or iron, this will stop eny dangercus radiations, and this should then
be kept in either & brick or concrete conpartnent 9 in, thiclk, This
will prevent the radioactive materials being dispersed in the event

' _of a fire,’ Alternatlvely, radioactive materials should be kept cutside

the factory in ‘a .lined borehole.of suitable depth provided with a .
‘padlocked cover,

In the event of a capsule cont‘a.ining a radicactive dust being
broken or involved in a localised fire, the capsule should be covered
with a wet towel, Workers should be excluded and ventilation fens be

‘switched oi'f, the area should then be left until expert helpers equipped

with respirators and suitable protective clothing can be called to clear
up the contamination, It need hardly be said that an immediate check
should be made "or possible contenination on the clothes and persom of
any worker lmmediately involved in the capsule breakage, .

Radioactive uaterials are also used on-ind\istrial production lines

:as_static elininators, and thickness gauges, but the radiodctive
rmaterlals here are {irmly bonded within noble metals in the foils,

plaques and wires supplied by the Radio Chemicel Centre at. iuershan,
0 that they cennot become dispersed into the surrounding work room

‘gither suddenly by accident, or 'as e result of fire,

It is sonetimes nucessary to use unsealed radiocaclive components,
as fa example in wurk on nutrition and on work on lubrication, ‘hen
unsealed radioactive nmterials are belrng used it is necessary to take
extreme care to avoid -ny accident, It is perhaps fortunate that it

", is not usually neceasary to. hsndle sny but the smallest quantities of

radiocactive materials in this unsealed condition, "his subject has
been denlt with at length for. the ifedical Research Council by the Atomic
Energy Research Estaulichument in a publication, "Introductory ldanual on
the Control of Health Eazards frou Radiomctive Materials", a copy of
this can be obtained gratis on a.ppllca.tlon to the Seereta.ry of the

‘Medical Research- Coun;.il 33 014 Queen Street, London s. w1,

At present the iiristry of Labour and National Service are informed
of all deliveries of radioactive naterials, and in all cases the
appropriate District Strff are notified, Visits are nmade to where it is
thought that advice nay be’ necessa.ry, car vhere sone definite query has
been raiseod by the ;1m

The transpcr.,atlon of radicactive materials

Radioactive materisls ere most frequently used as sources of Garma
rays, and for this purpuse the radiocactive materials can be sealed in
aluniniun containers which the Gemme reys readily penetrate, The Garma
copsule itself for purpaoses of shipment is contained in & lead or iron
container, which forms an effective screen against the radiation. Some
‘of the shipments are used as Beta particle emitters, and here it is not

. possible to enclose the material in an aluninium capsule In these cases

the radicactive substance is covered with a thin foil which is penetrated
by the Beta rays, but the foil, of course, mrevents the materials being
dispersed, '
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Radioactive waterials may be sent through the post provided the
radiation which they emit is wealk enough, the limit is set by whether
they would be liable to "fog" unexposed photographic material, wvhich
nay elso be in course of transmission through the wails,

Radioactive materials uay also be sent by reil in any one of three
categiicies, In category A transport a special van is made available

fer truneportirg the redicactive substances, This nethod of transportation,

howsver, 1is rarcly used and it 1s inconvenient and costly. .

Ir the other two uethods of rail trunsport the radicactive materials
are sent as- ordlnaxy goods, the differenca belng in the allowable emounts
of radiation in the two cases, This egain is based on possible daage to
consigmients of photographic materials vhich might be near to the radio-
active substences, 1In one type of consigmment the radiation level must
be so low as to cause no damage to photographic materials placed close .
to the radiocactive material, 1In the other type photographic materials
are kept 6 £t. away. Yo special fire precautions are taken,

Cars are sometimes used for the delivery of radiocactive materials,
the criterion here is that the external radiation from the caergc.rwust

be safe for the driver, Sometimes the activity of the radiocactive
naterials transported in this way is rather higher than those sent by

rail, but largely this form of transport is used primarily as a matter
of convenience Instructions are posted inside the driver's cab on the
vehicle indicating what steps should be ta :en if an accident occurs,

There is also trahsport of radiocactive materials by road between
Government Atomic Research Fstgblishments, This would, among other

things, consist of waste products iron reactors. The radiorctive  ..terials

are in a licuid form and hove an activity higher than any of the others
nentioned so far, Such shipnents are always accompanied by a capable
officer who should be able to give information as o what action should
be token in the event of an emergency. The Fire Brigsdes ere not at
present warned when these shipments teke plece, though these generally
proceed along well recognized routes, ‘

. Firefighting and radioactive materials

It is important when dealing with fires in which radicactive
naterials are involved, to keep a sense of perspective, I suppose that
radioactive materials inm most people's minds cre linked with such things
as the atomic bomb, cancer and the after-nath of such explosions as
occurred at lilroshima oud i'agasaki, There is a feeling also that these
mysterious substances are giving off radiations which cannot be seen,
and therefore one is never quite sure what actusl hazard exists,

Of course, tne fireumen has been dealing with unseen hazards for a

long time, and he now lnows the proper precsutions to take with such

invisible hazurds as electricity, carbon rwnoxide and flarmable vapours.
The level of radiation .can, of course, be measured equally as accurately
as these hazards I have Just uentioned, but the truth of the natter is
that apart from such spparatus as reactars and atomic power stations

end their chemical separation plants, the level of rediation is very
small, Indeed we are all being exposed to radicactive radiations all
the tine. The luminous dial of & watch gives off far more radiztion

"than the average vorker in an atounic energy plant receives, and the

taking of an X-ray picture of the chest exposes us to f£ifty tinmes as
:uch radiation as the dally tolerance permitted in nuclear research
establishpents.
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‘Yhe fireman will always be exposed to dengers by the very nature
of hig job, He nay become trapped in a burning bulldlng, injured by
fall*vg debris, or he may himself fall into a void in & smoke-logged
buildis. 1% will never be possible to eliminate completely accidents
due to exvoqu.e to radioactive meterials, it can only be hoped that
they cen-be kept within the same bounds as the other hazards to vhich
the fivenan i3 ascrustomed, One thing nust be remenmbered, the firenan
Gy Tivefighting has only a relatively brief contact with radiation,
and thervelfore can wiihstand many, nany times the level of radiaticn
that would be *tolerable far a worker engaged in the continuous handling
of radioactive materials.

. I can do no better thah close this section ﬁith sone advice to
firefighters, given by i, Edward J. feyhoe of the United States
Atonic Energy Comission:-

(1) Consult and comply with the on-the-spot recoinendations of
the traincd personnel associated with the project, ‘‘here any extra
hazardous redioactive materials are'being handled, such personnel will
be availzble at all times,

(2) ‘lear bresathing apperatus in any serious fire; the self-
contained type is prefersble., Renenber that these materials are most
frequently found in chenicel plants and laboratories where, fortunately,
modern firefighting practice now utilizes breathing apparatus as ‘stendard
equipment,

‘ (3) avoid unnoccessarily disturbing or stlrrlng-up any naterisls .
and. srashing any laborat ry glasswear and epparatus, Firefighting
operations should be conructed as carefully as possible., The use of
water should be nininised to prevent the washing away and rumning-off
the radiocactive materials,

(4) Avoid sncking, eating or drinking in a fire aree, this will
practisally eliminate the possibility of swallowing radioactive
naterials, ’

(5) #ivoid handling materials with the bare hands, If the

. presence of radiocactive, raterlals is suspected use shovels or gloves,

(5) Avoid remzining in the fire area longer than necessary,
However, rememboer the roliation tolerance level used for employees

‘in nuclear plants is extreaely low becsuse it, is expeoted that the

nen nay be exposed day alter day, year after year, for his entire
werking 1ife, and the firenan, who is exposed on rare occasions, can
take nany, nany theS vhe daily tolerance limit without ill ef?l ects

(7} Co-operate with troined techniciens on the scene and their
application of whatever routine health and safety preceutions they
deen necsssiy,

(8) .rersonnel who have opersted at & fire should teke a shower

© aB soon as p0851ble thereafter,

You wiil note that <hose precautions are not particularised to
radioactive naterial, they are the ardinary precautions that one
would take in dealirg with a fire in any chemicel plant,

Insurance for atomic mojects

I suppose thnt the guestion of insuring an atonic plant is one
that conmes nearsst tu your hearts, but I am, however, no expert in
insurance natters, nor, as far as I know, has any settled policy been
formulated in this country, The current bellef in Anerica at present
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is that reactors are insurable at comrercial rates, and they will be
considered in the category of the nore hazardous types of chenical

L -
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veactors is hendled up to a prescribed limit

er and nochinery coverage on extra hazordous

ief' is that « nuclear explosion, although nore

serewi: tavn enytling now lmovm in industry, is likely tc be renote,

g h tie weoonely madsz in developing controls, and the steps that
Hokiin 5o conlzan any rodiocctive naterials, will malke the chance

of & gsorious insiteab vory s.oawl, e nost sericus problen nay be the
Third Tmxdr Tialality Tasurance, wrere the insurer, faced with a
catasirophe, mignt be culled upor. 19 acet the clains of extrene .
magnitids for vroperty losses in the immediate surroundings, decontaiination
and woraacn's corpensation, lesses from other plants in the general area
adJjacent to the reector site.

It has been suggested fhat it would be desirable io form eventually
speciel pucls of underwriting groups for handling direct coverage on the
plants., “we insvravce exports feel that an agreeable naxdmun linit or
primery I1.atility con be o ried out, but as & matiter of public policy,
they say 3% chould te the "»ornment's decision ond responsibility vhether
or not to arzate & sn.acial find which would orovide a means of insurance
in excess of the caypacity of the camerciel market,

“‘he accident record .0 far in Government Establishments is very good
indesd, only two people huve died fron radiation since the beginning of
nodern atonic ensrgy opereticns, and these were in the United States,
This, of' course, was two too nany, but it is a level which ccompares very
fevourably with other industiies. O the cccidents occurring, these are
the norial cceidents vnich would occur in any industry. The only person
vio )8 been killed on the Atomic Energy authoritiy's Station et darwell

v

fell of7 scaffolding.

Uhe tnirrance levels which have been set at aresent have. often bsen
criticized as being unduly low, and therefore ummecessarily costly, but
this is svrely a correct policy in dealing with a subject which is so

-
N
young and about vhich we have so much Lo learn,
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